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NAnONAL TOXICOLOGY PROGRAM 

The National ToxicoloKY Prolnm (NTP). established in 1978. develops 
and evaluates scientific information about potentially toxic and hazardous 
chemiais. This knowledge can be used for protec:tina the health of the 
American people and for the primary prevention of chemically induced 
disease. By brin&ina together the relevant programs. st:1ff. and resources 
from the U.S. Public Health Service. OHHS. <:to: ~ational Toxicolo¥)' 
Ptoaram has centralized and stren~thened activities relatina to toxicoloiY 
research. testina and test development/ validation efforts. and the dissemi· 
nation of toxicclosic:al informat.ion to the public ilnd .ieientific communi· 
tie~ and to the reseuch and regulatory aaencics. 

The NTP is comprised of four charter DHHS aaencies: tl:e National 
Cancer Institute. National Institutes of Health: the :-.lational I Mtitute·of 
Environmental Health Sciences. National Institutes of ·Health: the 
N a tiona I Center for Toxicologil:al Research. Food and Drug Administra· 
tion: and the National IMtitute for Occupational Safety and Health. 
Center! for Disease Control. In July 1981. the Carcinoaenesis Bioassay 
Testina P •laram. NCI. was traMferred to the NIEHS. 
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. 
- ~ . NOT! TO THE Rl.AD!'I 

This ia une in a aerie& of axper~enta desisaed to determine whether selected 
chemicals produce cancer in aobJala. Cbeaicals eelacted for testing in the 
NTP earcinogeneeia bioaeaa; p~araa are choeeo prt.arily on the bases of 
human exposure, level of product1on, and cheaical etructure. Selection per 
se ta not an indicator of a cheaieal'a carcinogenic potential. Rasative 
results, in which the test ant.ala do not have a areater iocidenc~ of canc~r 
than control aot.ala, do not neceeearily mean that a teet cbeaical ia ·not a 
carcinosen, inasauch aa the e~riaeote are conducted under a limited set of 
conditions. Poaitive reeulta deaooatrate that a teat cbeaical 18 
carcinogenic for aniaala under the conditione of the teat and indicate that 
expoaure to the cheat cal 1a a potential baz.1rd to huaaoa. The detarllination 
of the risk to humane froa cheaicala found to be carcinogenic in animals 
requires a wider analyaie Which extend& beyond the purview of this study. 

This study vas initiated by the National Cancer Institute's Carcinogenesis 
Testing Program, nov part of the Natiuoal Institute of Environmental Health 
Sciences, National Toxicology Program. 

Coaaents and queatioaa about the National T~xicology Pro~r-aa Technical 
Reports on Carcinogenesie Bioassay& abould be directed tc the National 
Toxicology Progru, located at lo011 A-306, Landi)¥ B•.lil.Hna, Detheeda, MD 

· 20205 (301-496-1152) or at lesearch Triangle Park, NC 27709 (919-541-3991). 

Although every effort is aade to ' prapare the Tachnical lepo~t• ae accurately 
as poaaible, mistake& aay occur. te.dera ara raqUI!sted to co .. unicate any 
mistakes to the Deputy Director, RTP (P.O. !Qx 12233, laaaarch-!riangle 
Park, NC 2i'709), so that corrective action aay be taken. Further, anyone who 
is aware of related ongoing or publiahed atudi .. ~ot aentioned in this 
r eport ia encouraaed to aake thia iniormation known to the RTP. 

Theae NTP Technical laporte are available for &ale fr011 the Rational 
Technical Io.foraation Service, U.S. Departaent of Ca..uca, 5285 Port Royal 
load, Springfield, VA 22161 (70, -487-4650). 

Single copie& of thia carcinoaeneaia bioaaaay technical report are available 
without charge (and while auppliea last) from the RTP Public Information 
Office, Natio~l Toxicology Prograa, P.O. lox 12233, Research Triangle Park, 
.NC 27709. 
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Group• of 50 female F344/N rata aad 50 t~l• 16C3Fl aice were 
adainittertd toluiDI diiiOCJIDatl 1D COrD oil bJ aavaaa at d0111 gf 60 0~ 
120 •alka body veipt, 5 day• per ... k for 105 or 106 weeki. Group• of 50 
male F344/N rate received 30 or 60 •alka acd aroupe of 50 ule 16C3P1 aice 
received 120 or 240 aa/ka on the ... , achedule. Groupe of 50 rate and 50 
mice of each tez received corn oil oDly and aerved •• vehicle controle. 

Survival in all aroupe of doted rata in the 2-year atudy vaa aianificantly 
shorter (~0.005) than that of the eontrola; depreaaiona in aean body vei&ht 
gain relative to controls vera areater than 1~ in all doted rat aroupe 
throughout aoet of the ttudy. A doaa-dependent pattern of cumulative 
toxicity baaaa at 70 VHka _vhic~ culminated in exceuive mortality. 

Subc.utaneoue tiuua fibro11u or fibroearco11e (coabined) in ule rate 
occurred with a atatiaticall7 t11Qificant trend (P~0.007; control, 3/50, 6%; 
low-dote, 6/50, ~21; hiah-doae, 12/50, 241). The incidence in the htah-doae 
aroup wa• tian1ficantly hiaher thac that in the control• (P~O.Oll). The 
same tumor coapariaone were aiaaificant (P<O.OOl) in feaala rate by the life 
table analylia. 

Pancreatic acipar-cell adenoaai in_aala rate qseurred with 1 etatiattcally 
significant tread CP$0.02b; control, Jlj], 2%; lov-doee, 3/47, 6%; 
hiah-doee, 7/49, J4%). The iocideace in the hiah-doae Rroup-¥ae 
aignificantly hiaher thaD that in the control• (P~0.034). 

The iacidencea of pancreatic itlet-cell adenoaae in f ... le rate were 
aiantficaatly hiaher by the incidental tumor teet (P~O.OlO) in lov-doee 
(6/49, 12%) and hiah·doae (2/47, 41) aroupa than in control• (0/50). AD 
ltlet•ctll carcinaaa vaa alao obaerv .. in a lov-doae feaala rat. 

' Tl No 251 
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The incidences of feaale rata with neoplaatic nodules in the liver occurred 
vith a ltatiatic•llJ csantficant poii(ive trend (P{0.03S: control, 3/50, 6%; 
lov-doae: 8/SO, 16%; high-dole, 8/48, 17%), and the incidence in the 
blah-dose aroup vas aianificantly hiaber (~0.022) than that in the controls 
by the life table and incidental tumor testa. 

' 
Kamaary aland fibroadenomas in fesale rata occurred with a statistically 
aipificant trend (P 0.001), and th•a 1nc1dencea in low- and biah-doae aroupa 
vera aianificantly hiaher than tha~ in cootrola (P 0.01) by the incidental 
tuaor telt. 

in 

Acute bronchopneumonia occurred at iocr•aeed iocidencee in aroupa uf dosed 
aa1e and f•ale rata (aale1: control, 2/50, 4%; lov-doee, 6/50, 12%; 
high-dose, 14/50, 28%; females: control, 1/50, 2%; lov-doae, 10/50, 20%; 
bigh-doae, 25/49, 51%). 

Survival of high-dose aale alee in the 2-year etudy vas sipificantly 
1horter than that of the controls (P<O.OOl). Durin& tba second year of the 
study, aean body weight p108 of bia!f-doae aale alee V.re leu than thos«4 of 
the controls. 

Beaangi011a1 or hnanatoaarcoaaa (coabiaed) of the circulatory ayatea in 
female mice occurred vitb a etatiatically aipificant trend (PS0.011; 
control, 0/50, 0%; lov-dose, 1/50, 2%; hiah-dose, 5/50, 10%). The incidence 
in the high dose . group vas aianificantly hiaher than that in the controls 
(P~ 0.029). 

Hepatocellular adenoaaa in feaale alee occurred with a statistically 
significant positive trend (~0.001; control, 2/50, 4%; lov-doae, 3/50, 
blab-dose, 12/50, 24%), and the incidence in the hiah-doae aroup vas 
aip1f1cantly hiaher than that in t~ controla ~0.004). ___ _ . _ 

----··----- -

6%; 
.. ,. - 4 ~ . 

Cytoaegaly of kidney tubular epitheliua vas found in 45/48 (94%) low-dose 
•ale mice and 41/50 (82%) hi&h-doae aale aice but not in any of the controls. 

Under the conditione of this bioaaaay, toluene diisocyaoate vas carcino.enic 
for P344/N rata, cauaina subc:t•taneous fibroaaa and fibrosarcoaaa (coaabined) 
in aalea and feaales, pancrektic acinar-cell adenoaas in aalea, and 
pa'ncreatic hlet··cell adanoaaa, neoplaaUc nodules of tba liver, and aa-ary . 
alaod fibroadenoa .. in f ... lu. Toluene diiaocyaoau vas carciooaenic for . 
f .. ale 16C3P 1 Ill c:e, c:audna b•anaioaaa or Mlaagliaarc;s._aa ( coabioed), •• 
well •• hepatocellular adenoaas, but it vaa not c:arcinoaenic .fo~ the aale 
mice. 
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Toluene diisocyaoate (TDI) is commercially produced as an approximAte 80:20 

mixture of the 2,4- and 2,6-isoaers. In 1980, 580,000 pounds of this 

_chemical were produced in the United Statea, primarily for use in the 

manufacture of flexible polyurethane foau (OSITC, 1981). These fo• 

elastomers are found in furnit11re and automobile cushiona, carpet underlays, 

pillow filling, mattresses, insulation, shoes, pur1as, and toys 

(~irk-Qthmer, 1970). TDI is also uaed to produce polyurethane coatings for 

lacquers and wood finishes (tAlC, 1979). 

TDI react• readily with polyols, water, urea, uretbaae1, amines, and other 

baaic compounds (!.I. DuPont, 1969; !brlicher, 1974). Concentrations as 

high aa 10 pps TDI have been measured in the air abov. urethane fo ... during 

their production (Buist, 1970). The uxia\111 allowable 8-bour tiae r'.ghted 

average conr~ntration of 2,4-toluene diisocyanate to which workers can be 

ezpo~ed h 0.02 ppa (U.S. Cltl, 1974).· 

':t'l. Mo. 251 
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The oral LD50 value for TDI lD rata 11 5.1 a/kl body velaht (Zapp, 1957), 

and the tc50 value• for rat• and aica are 14 aDd 10 ppa, reapectively 

(Duncan, 1962) • 

No iofor.atioo haa beeD found OD the aetaboliaa of TDI. 

Skin, eye, and reapiratory tract lrritatioD hal been reported io both huaaaa 

and rata exposed to TDI in air (Union Carbide, 1976: Patty, 1963). 

Byperaenaitivlty to TDI, aaoifaatad a1 ao aatbaa-like reaponae, haa been 

reportad la vorkera expoeed to the cbealcal (Parkee, 1970; Taylor, 1970: 

Sangha and Alarie, 1979), and a lQ-hour ·TWA expoaure eoneeotratioti of 5 ppb 

TDI has been reeo .. ended for workplace air (IIOSB, 1979). 

Both 2,4- and 2,6-diamdnotolueoe were autageaic io Salaooella typhiaurlua TA 

15je (Dybioa and Tbor,.iraaoo, 1977: AndereeD et al., 1980). Altbouah 

2,4-toluene dliaocyaData vaa reported 11 not autaaeoic 1D !· typhiauriua !& 
- ·-- - --

1535, TA 1538, TA 98, and TA 100, vitb or vitbout ae~abolic acti vatioo vitb 

S-9 preparation froa Aroclor-1254 induced SpragU.-D.vley rat1 (Aoderaoo aDd 

Styl .. , 1978), ao 80:20 aixture of 2,4- aDd 2,6-tolueDe dii1oeyaoate vaa 

•utagenic io a oarrov doae raoae in!· typhiauriua TA 100, TA 98, and tA 
. :· . 

1538 after aetabolie activatioD with rat liver S-9 preparation ~roa .· .. 

phenobarbital-induced rata (ADderaeD at al., 19t0). DiffereDcea iD the 

reaulta froa the two atudiea are probably due to differaDeea 1o the teet 

condition~. 

TR No. 251 . . . .. ... .• - . -· ... . .. . 
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The Bio••••Y Proara• teeted a co .. ereial TDI ~xture eioce a larae ou.ber of 

worker• (approxiaately 40.000) are potentially ~%poeed to tbeae iaoaera -and 

beceuee no loaa-tera etudiae vere a~ailable. 

, ._ 
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IV. DISCUSSION AND CONCLUSIONS • 
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TDI reacted with the aoiature in the corn oil 98hiele, reducina the dose• 

received by rata and aice in the 2-year atudi .. to 10% to 23% below the 

target doses. Despite the reduced doaea, aean 1--,ciy vaiaht pine of aale and 

female rats were leaa than those of the controls after week 30. Early 

deatha occurred in ~roupa of dosed aale and female rata, but by week 60 only 

the high-doae aale rata vue dying u a r .. ult of TDI adainlatration. At 

this time, a decision vas aade to continue the bioaaaay of rata; however, an 

apparent dose-related pattern of mortality beian to eaerge at v~k 70, and 

it p!rsisted until the end of the etudy. Mortality in aice was also dose 

related and significantly higher than in controls, but it vaa not as 

excesaive as that in rau. The delayed cuaulathe toxicity caused by TDI 

&~ministration indicated that aaztaua tolerated doaea had been exceeded in 

rats and that they had been exceeded, thouah to a lusaer eztent, in aice. 

Bronchopneumonia was the aoat proainent nonneoplastic effect eeen in the 

ehort-term and 2-year phase• of this bioueay. The reapiratory effects 

observed were siailar to thoae aeen in rata exposed by inhalation to TDI at 

a concentration of 0.1 ppa for 6 hours per day, once per week, for 38 weeks: 

tr~cheitia, bronchitis, pneumonia, and purulent bronchiectasis (Niewenhuis 

et al., 1965). 

TDI etimulatee the trigeainal ner.e and ie one of the aore potent sensory 

irritants (Sangha and Alarie, "1979). Occupational aathaa, or reversible 

obstruction of the airways in reapc~e to TDl, baa been seen in workers 

expoaed to tbe chellical (Well et al., 1981). Worbra expoeed to TDI at 

Tll No. 251 

80 

• 

- -- ---• 



• 

• 

Toluene Diisocyanate Board of Scientific Counaelora 7/22/82 

concentrations of l .. s thao 0.1 ppa bad aarked declines in forced 

respiratory voluae, with reductioaa in the ratio of forced expiratory voluae 

to forced vital capacity; forced expiratory flow vas 25%-50% of the forced 

vital capacity. lronc:hial hyperaeuitivity to TDI developed iD 4.3% of 

these workers, but there vera no predictiw indices for this reapoDSe. 

Respiratory hypersensitivity has been shown to develop in guinea pia• 

exposed to 0.005 ppa TDI after deraal contact with the chea!cal ([arol et 

al., 1981). 

The late-appeariaa pattern of aortality in rata in the present study is 

consistent with delayed hypersensitivity. Tbe inci dences of 

bronchopneumonia were dose related in aale and feaal e rats, and this effect 

probably weakened the an~ls' resistance to further chemical challenge. 

~he increased rate of aortality aay al~o be due, in part, to TDI's 

inhibition of acetylcholinesterase, which could have compounded the animals' 

respiratory diffi~~lty (lrovn at al., 1982). The study by Brown and 

coworkers showed _ ~hat 2,6-toluane diiaocyanate was 60 times aore effective 

than the 2,4-iaat~er in iabibitina human serum cholinesterase. The 

commercial mixture of TDI used in the present bioassay cooaisted of 86% 

2,4-iaoaer and 14% 2,6-iloaer, the latter beina the activa ~o~e inhibitor • 

. .. 

Despite the reduced aurvival, there waa unequivocal evidence of dose-related . 
. . 

increase• ln tuaora lo rata aod al~• lo the 2-year etudy. About 50% of· the . · · . · 

tumors detected vera observed in antaala killed at the end of the study; the 

rest were fouod io ao1Jials dylna between vee a 77 and 108. The diaeative 
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aystell was the pri.llary site of tUIIOr induction, and the tum-on found _ ·· 
----~--

included acinar-cell adea011aa of the pancreaa in 11ale rats, islet-cell .. - --
adenomaa of the pancreas ia feaale rata, and liver tumors ia feaale rats and 

- -- -- -
!lice. In rats, dose-related increases were observed ia the auaber of males .. 
vitb nodular hyperplasia of the paac~eatic acinus {control, 0%; low-dose, 

4%; high-dose, 8%) and with acinar-cell adenoaaa (control, 2%; low-dose, 6%; 

high-dose, 14%), suggesting that these nodules were preneoplaatic ia 

nature. The systellic nature of the carcinogenicity of TDI was de11ons:rated 

by the appearance of tumor1 at multiple sites ia 11ale rats {fibro11as and 

fibrosarcomas) and female llice {hemangiomas and hemangiosarc011as). 

The tumors observed ia the liver, pancreas, sUDary gland, and subcutane,.,us 

tissues of P344/N rata ia this study are similar to those seen vhea 

2,4-diamiootoluen~ -- an hydrolysis product of 2,4-toluene diiaocyanat• 

was administered to the same strain {NCI, 1979). In the 2,4-diallinotoluene 

study, increased incidences of neoplastic nodules and hepatocellular 

carcin011aa were found in sales fed 79 or 176 pp11 and in feaalea fed 171 

ppa. IncreaMed incidences of pancreatic acinar-cell adenocaa were observed 

in dosed sales and in females that received 171 ppm. The incidences of 

118Jaary aland fibroadenoaaa in females were lo-fold areater in l:ha low- and 

~i&h-dose groups compared with controls. Furthermore, subcutaneoua fibromas 

were found at significantly increased incidences relative to controls in 

dosed 11ale rats. 

Ta No. 251 
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In addition, 2,4-diaainotoluene causes increase• in bemangio.aa and 

heaangioaarcomae in male alee and significant increaa~a in hepatocellular 

neoplasms in both sexes of •ice. Although TDI caused the eame neoplaa .. in 

the present study, they vera restricted to feaale alee. Tbert are no 

available metabolic data that ataht account for the difference in response 

betwP.~n thea~ tests. The hydrolysis product of 2,6-tolu~ne diisocyanate 

(2,6-diaminotolueue) vas nr.~ carcinoaenic for F344/N rats and B6C3r1 alee 

( NTF, 1980). 

Other noteworthy effects obeerved in rate in the current etudy included the 

brain tumo~~ found in males (two had alia.aa and one bad a pineala.a). 

Gliomas have heen found in 3/995 controls in thh bioassay proaraa and 

pinealomas have not be8n previously diagnosed {Appendix J, Table J9). The 

evidence suggests an aaeociation between these tumors and administration of 

TDI. 

Differences in mean body veiaht aa!na, hypersensitivity, and the incid~nces 

of neoplastic and nonneopl&8ttc: lesions in aniaala in" the pusent a-: 11dy 

emphasize differencu f-a the dearee to vhich TDI is toxic in dlf.i'f!rent 

species and sexes. Both female r•t• and female alee received doses of 60 or 

120 t5g/lcg, and moat of the rata died durina the et~~y. Mah alee received · ,. 

higher dose~t (120 and 240 •a/q) than aale rate (30 a.nd 60 •a/ka), yet · ·· · · · 

mortality and decrease• in mean body vetaht piu were leSI ae""lre 1o the ~ 

fo~er aroup, and no tuaora vera detected at atat1et1eally etanificant 

incidences i~ the alee. Mal• and female rata and f .. ale ate~ ehoved 
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positive evidence of the carcinoaenicity of TDI. The apeciea and aex . 

differences in sensitivity to TDI aay be aetabolic, but no experimental data 

are available. 

By contrast, a private communication reported by Woolrich (1982) atates that 
- - -------

th1ere were no compound-related increaaea in the incidence of tUIIors in rats 

(unspecified strain) expoaed by inhalation for 113 veeka to 0.05 and 0.15 

ppta TDI. No written report 1a available for conf1mation. 

There are also conflicttna reports about the autaaenicity of TDI. Anderson 

and Styles (1978) oriainally reported that 2,4-toluene diiaocyanate of 

unknown purity was non-autaaenic in a atudy of 120 cheaicala performed by 

Purchase et al. (1978), but aeveral knova autaaana were alto report~d aa 

neaat1ve, auggeatin& a lack of definition in theae atudlea. Anderaen et al. 

(1980) later optimized the procedure for teatina volatile iaocyanates, and 

in a study with adequate positive and negative control• ahoved that a 

aixture of 2,4- and 2,6-toluene diiaocyanate (De .. odur T80) caused a 

dose-dependent autaaenic rasponae utiliaiaa S-9 activation lD Salmonella 

typhiauriwa strain. TA 98, TA 100, and TA 1!538. The poaithe control vaa 

2,4-dlaminotoluene, the hydrolysia product of 2,4-toluene diiaocy•~te, 

whi~h Ames et al. (1975) reported to be autaaenic. 

A aavaae teat vith 4,4'-diphenylaethane dliaocyanate (MDI) vaa recently 

deferred by NTP becauae of proble .. aiailar to tboee encountered here 

difflcultiu vith doae preparation ud unexplaloecl toz:lcity 1D the 
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prechronic studiet. Por au adequate ezaaiuatiou of the toxic reponaes to 

this class of cbesicala, particularly to define the 11etabol1• and to 

evaluate the bioehe.dcal and i .. uooloaieal toxicity, it vould be oeceaaary 

to conduct further teats at lover doae levels. Such a coapariaon of tb. 

toxicological propertiu of TDI, MDI, aod other co .. ereially i11portant 

isocyanate• in polyurethane production vould be useful, since aonual 

production of these exceeds 1 alllion toua (Sanaba and Alarie, 1979) and 

only li11lted toxicoloalcal infor~~ation ia available (Woolrich, 1982). It 

would be preferable to teat tbeae ehe11icala by the inhalation route, a1ace 

potential hullao expoeure occura durina their production ~ail at al., 1981) 

or durioa firea, vhen the pyrolyaia products of polyurethane• are rel ... ad. 

Woolley and Raftery (1976) atated that the yellow ..aka releaaed duriaa 

dec011position of flexible polyurethane foaa at 200°-300°C appeared to be 

a polymerized for11 of TDI. In another atudy, reaults Gt aa• chro11atographic 

analysis and 11asa •pectroaetry indicated that toluene aonoisocyanate ... the 

major decoapoaition product froa coabuation of flexible polyurethane faeDS 

(Alari• et al., 1975) • . _A report on the occupati~nal haz~rda ot _firef1gbtina 

specifically citea the danaera of expoaure to hocyanatea produce_d froa the 

combustion of polyurethane or encountered as neat chemical (Axford at al., 

1976). 

. ~ . 

-. . . 

. . ' 

In summary, the comaercial aixture of 2,4- and 2,6-toluan• diisocyanata 'baa· . . 

been shown to produce a variety of toxic effects .in b.-au and ani11ala. : · · · -' · . . . . . . . . 
includina aathaa, decrease~ reapiratory :~ction, delayed pulaonar~ 

b~eraensitivity, bronc~pneuaoDia, and inhibition of acetylcholineatera.e. 
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The hydrolyall product (2,4-diaainotoluene) of the 2,4-iaoaer and the 

militure of the 2,~- and the 2,6-iaoaera of TDI have been abovn to be 

mutagenic. In the preaent atudy, the pattern of aultifocal proliferating 

tuao•s was similar to the carciooseoic response• pr.oduced by the hydrolyals 

producr. of the 2,4-iaoaer. 

Under the conditions of this bioassay, toluene diiaocyanate vaa carcinogenic 

for F344/N rata, .cauainl aubcutaneoua fibraaaa and fibroaarcoaaa (combined) 

in males and females, pancreatic acinar-cell adenoaaa in aalea, and 

pancreatic lalet- ~~11 adenoaaa, neoplastic oodulet of the liver, and mammary 

&land flbroadenoaaa in feaalea. Toluene dliaocyanate vaa carcinosenic for 

female B6C3F 1 aice, cauains heaaoaioaa or heaaoaioearcoaaa (combined) aa 

well aa hepatocellular adenoaaa, but it waa not carcinosenic for the male 

aice. 
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